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Alcohols, ketones, esters and ethers form an individual group of 
extractants called oxo solvents, which according to the classification 
proposed by Fomin [1] belong to chemically neutral extractants. 
Their extraction properties are due to the formation of extractable 
coordination compounds with simple complexes of metals; e.g. with 
thiocyanate complexes. Solvent systems composed of oxo solvents and 
aqueous solutions of thiocyanates are often employed for chromato- 
graphic and extraction methods of separation of metals [2—13]. 

In recent years the search for selective partition systems is mainly 
focused on multicomponent solvents, composed of mixtures of oxo sol- 
vents [14—17] or mixed extractants in which alcohols, ketones ог 
esters are diluents for active solvents which extract metal ions or their 
simple complexes by the liquid ion exchange mechanism [18—20] or as 
neutral high-molecular weight extractants (e.g. tributylphosphate) 
[17, 21]. In all these cases it is useful to understand the effect of the 
diluting solvent on the partition behaviour of metals during extraction 
with mixed organic solvents. 

In the previous part [22] it was demonstrated that in the "moist 
paper" technique, in solvent systems of the type oxo solvent/aqueous 
electrolyte solution, the decisive process in chromatography is liquid’ 
/liquid partition. These results, as well as data reported in other pa- 
pers [23], seem to indicate that paper chromatographic results may 
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provide information on the distribution behaviour of metals in analogous 
solvent systems. 

The present paper is an attempt of examining the effect of the 
molecular structure of oxo solvents of the alcohol type on the distribu- 
tion behaviour of thiocyanate complexes of metals. The variation of 
the Ry values with concentration in the range of 0.2 to 6.8 М NH,SCN 
was investigated. 


EXPERIMENTAL 


Whatman No 4 paper was impregnated with fresh solutions of 
NH,SCN acifified to pH — 3.0 to avoid hydrolysis of metals; the use 
of nitric acid instead of usually employed hydrochloric acid was preferred 
in view of the lower stability of nitrate complexes of metals. The 
impregnated paper strips were air dried until the moisture content 
dropped to 50% (0.5 g of aqueous solution per 1 g of dry paper) where- 
upon the strips were immediately transferred to glass chromatographic 
tanks for descending development. The development was carried out at 
room temperature (23 + 1? C), using as the mobile phase the following 
alcohols pre-saturated with aqueous solutions of NH,SCN of suitable 
concentration: 

1) n-butyl alcohol (Estron, Warsaw), 

2) n-amyl alcohol (import, Moscow), 

3) 3-methyl-butyl alcohol (Kutno,Poland), 

4) n-hexyl alcohol (BDH, England), 

5) n-octyl alcohol (BDH, England), 

6) n-nonyl alcohol (BDH, England), 

7) cyclohexanol (Nitrogen Works, Tarnow, Poland), 

8) Benzyl alcohol ("Xenon" Łódź, Poland). 


The use of higher alcohols and a controlled degree of humidity 
of the paper secured the partition mechanism of the chromatographic 
process. The chromatographic behaviour of 35 metal ions was investi- 
gated and the experimental results are presented in Figs. 1—14. 


RESULTS AND DISCUSSION 


In Fig. 1 the effect of the concentration of the ligands (thiocyanate 
ions) in the aqueous phase on Rp values of the metals is presented 
as Ry vs. log [SCN7] relationships. Four metals, ТІ (I), Ge (IV), V (V), 
and Sc (III) remained on the line of start over the whole range of the 
ligand concentration examined and are omitted from the plot. All metals 
gave well defined, elliptical spots except for Zr (IV) and Ti (IV). It can 
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be seen that only As (III) has a constant В; coefficient in the whole 
concentration range; Se (IV), Ag (I), Sb (ПТ), W (VI) and Pb (II) have 
low R; values. On the other hand, the R; values of Fe (III), Zn (II), 
Mo (VI) In (III) Au (III) and Sn (IV) are high, which indicates good 
extraction of their thiocyanate complexes by hexanol. 
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Fig. 1. Relationship between Ry values of metal ions and log concentration of 
ligand in the aqueous phase for the system n-hexanol/aqueous solution of NH,SCN 
acidified with HNO; to pH — 3 
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Hg (II) shows a peculiar shape of the Rp vs. log [SCN] relationship, 
as in the system n-pentanol/aqueous NH,SCN (cf. [22]). The remaining 
metals can be subdivided into three groups. 

A. Be (II), Al (III), Ti (IV), Cr (III), Co (П), Y (III), Zr (IV), Ru (IID), 
La (III), Pd (ID, Pt (IV), Bi (III) and Th (IV) are better extracted from 
aqueous solutions at highest concentrations of SCN-. 

B. Mn (II), Ni (II), Cd (ID, Hg (П), and U (VI) show maximal Rp 
value at ca. 1M concentration of thiocyanate in the aqueous phase; 
this presumably corresponds to the maximal extraction of the metals. 

C. Only Cu (II) is better extracted at low concentrations of thio- 
cyanates in the aqueous phase. 

The differentiated behaviour of various metals permits to choose 
optimal solvent systems for their separation. 
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In Figs. 2 to 6 the В; vs. log [SCN] relationships of some metals 
are presented for a few members of the homologous series of alcohols. 
Ry vs. log [SCN] curves for the alcohols are almost parallel for a given 
metal ion, their sequence being also generally identical; the highest R; 
values were obtained for butanol and the lowest ones for n-nonyl 
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Fig. 2. Effect of chain length and 
molecular structure of alcohoi on the 
Rp vs. log[SCN-] relationships of cop- 
per (II. Mobile phase:.n-butanol (1); 
n-pentanol (2); 3-methylbutanol (3); 
n-hexanol (4); n-octanol (5); n-nona- 
nol (6); cyclohexanol (7); benzyl 
alcohol (8) 
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Fig. 4. Rp vs. log[SCN—] relationships 
of cadmium (II) Explanation as 
in Fig. 2 
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Fig. 3. Rr vs. log[SCN—] relationships 
of nickel (II). Explanation as in Fig. 2 


Fig. 5. ВЕ vs. log[SCN—] relationships 
for manganese (11). Explanation as 
in Fig. 2 
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alcohol. The parallel course of the relationships seems to indicate that 
the mechanism of partition in the systems with higher alcohols is 
analogous. The R; values of the various metals investigated are weakly 
differentiated which is in agreement with earlier reports about the low 
selectivity of oxo solvents [8, 15]. 
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for mercury (II) Explanation as for cobalt (II) Explanation as 
in Fig. 2 in Fig. 2 


-1 o +1 


Fig. 8. Ry vs. log[SCN-] relationships of zircon (IV). Explanation as in Fig. 2 


Two further oxo solvents investigated, cyclohexanol and benzyl 
alcohol (Figs. 7, 8) show more individual behaviour in comparison with 
that of the straight-chain aliphatic alcohols. 
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In order to demonstrate the effect of the chain length of n-alcohols 
and that of the presence of an alicyclic or aromatic ring in the alcohol 
molecule, the Rp vs. solvent spectra of some metals are presented for 
1.2M concentration of NH,SCN in the aqueous phase (Fig. 9). It is 
evident that the Rp values of the metals decrease in the following 
sequence: 


n-butanol >> n-pentanol >> n-hexanol >> n-octanol >> n-nonanol, 


which is in accordance with decreasing dielectric constants [24] (17.1; 
13.9; 13.3; 10.34; ?, respectively) and with a decreasing mutual misci- 
bility with water. As Lederer [9] pointed out in his early papers, 


BuOH АТОН i-AmOH HxOH OctOH  NonOH GyclhxOH Benzyl-OH 


Fig. 9. Chromatographic spectra of 1 — Co (II), 2 — Cu (II), 3 — Cd (II) and 
4 — Ni (II) at 1.2 M concentration of NH,SCN in the aqueous phase 


the solvent power of lower alcohols decreased with the number of 
carbon atoms in the molecule. 

The dielectric constant of iso-pentanol, as well as its better miscibility 
with water, can suggest that iso-pentanol is a better solvent than 
n-pentanol and should give higher Rp values. This is in fact observed 
in the case of nickel (Fig. 9); however, for the remaining metals is® 
-pentanol follows pentanol in solvent strength, which is presumably 
due to the branched hydrocarbon chain. The effect of molecular shape 
on extraction strength is also evident in the case of cyclohexanol and 
benzyl alcohol. | 

The analogy between bulk partition and chromatographic behaviour of 
metals in охо solvents [22, 23] suggests that chromatographic data may 
provide certain information concerning the mechanism of partition be- 
tween water and the solvent phase. Therefore, the Ry vs. log [SCN ] plots 
of Cd, Co, Hg and Ni (Ем = log R;/(1— Ry) are compared with the cor- 
responding formation equilibria of thiocyanate complexes (Figs. 10 to 14). 
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The comparison is unfortunately only approximate because the conditions 
of the chromatographic and static data are not strictly comparable 
(different ionic strength, the use of concentrations instead of activities 
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Fig 10. Км vs. log[SCN-] relationships of Cd (II) for n-butanol (1), n-hexanol (2) 

and n-octanol (3) plotted against the background of percent contribution of various 

thiocyanate complexes of cadmium as function of ligand activity in the aqueous 
solution [34] 
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Fig. 11. Км vs. log[SCN-] relationship for the system, n-hexanol/aqueous solution 
of NH,SCN compared with variation of contribution of various thiocyanate com- 
plexes of iron (III) as function of activity of SCN- in the aqueous phase 


of thiocyanate ions in the solution). Nevertheless, the comparison seems 
to indicate that definite complex forms of metals are extracted by the 
organic solvents. 
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Presumably, the extraction of cadmium can be described by the 
following equation: 


Cd + 28CN + nROH, <” Cd (SCN),: nROH, 


neutral complexes of cadmium being extracted into the organic phase 
(cf. also [26]); the extraction clearly decreases with the increasing con- 
centration of Cd(SCN)~; in the aqueous phase (Fig. 10). 


% Rm 
100 +1 
Co(SCN7)* ©-©-© 


во Co (Sc 
60 
© -! 
o e-? 
© -3 
40 
20 Co(SCN), 
co (SCN); 
o 4 


-2 -1 o * log [scN7] 


Fig. 12. As in Fig. 11, chromatographed ion: Co*?; mobile phase: cyclohexanol (1), 
n-hexanol (2), n-octanol (3) 
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Fig. 13. As in Fig. 11; chromatographed ion: Hg*?; mobile phase: n-hexanol 


In the case of Fe (III) it is difficult to conclude which complex form 
is extracted. Bock [27] reports that optimum extraction of iron ions 
from aqueous NH,SCN by ethyl ether occurs at 0.5 М concentration of 
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NH,SCN, which approximately corresponds to the maximum on the 
Ry vs. log[SCN ] plot for hexanol (Fig. 11). This seems to suggest that 
the equation of extraction is analogous to that of cadmium. 

The optimal extraction of cobalt (II) by ethyl ether [27] occurs 
at 7M concentration of the ligand. It can be seen from Fig. 12 that 
the maximal Ry values for cyclohexanol and hexanol are obtained for 


Fig. 14. As in Fig. 11; chromatographed ion: Nit+?; mobile phase: n-hexanol; 
contributions of various complex forms plotted for two values of ionic strength: 
1— в = 3.0; 2— u = 1.5 


high concentrations of thiocyanate ions in the aqueous phase; however, 
the Ry vs. log[SCN ] relationship for octanol and marked extraction 
of cobalt ions at concentrations of NH,SCN, at which the contribution 
of the Co[SCN]~, forms is negligible (Fig. 12), seem to indicate that 
cobalt is also extracted in the neutral form Co(SCN);. 

The examples indicate that alcohols presumably coordinate with 
neutral thionacyate complexes of metals; the fact that some authors 
[13, 28, 29] have reported the presence of anionic complex forms in the 
organic phase could be put to the simultaneous extraction of the ligand 
by alcohols in the form of HSCN [30] which, in turn, can produce 
negative complexes in the organic phase with the neutral forms. 

However, taking into account the amphoteric character of alcohols 
(class AB according to the classification proposed by Pimentel and 
McClellan [831] one cannot exclude the possibility of extraction 
of anionie thiocyanate complexes of metals. Data in Figs. 13 and 14 
suggest the conclusion: Hg (II) and Ni (II) can presumably be extracted 
both as neutral as well as negative thiocyanate complexes. Similar opinions 
were reported for tributyl phosphate (TBP) systems which belong also 
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to oxo solvents. As some authors pointed out, TBP extracted some metals 
in neutral forms [32] and other metals as negative complexes [33]. 
Therefore, the mechanism of extraction of metals by oxo solvents re- 
mains an open problem. 

Note. The contributions of the various complex forms of metal at 
varying activity of the ligand have been calculated from the literature 
(Ni, [13]; the remaining metals, [34]. 
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STRESZCZENIE 


Badano wplyw stezenia ligandów oraz budowy czasteczkowej alko- 
holu na chromatograficzne zachowanie sie kompleksów rodankowych 
35 metali. 

Stwierdzono, że zdolności ekstrakcyjne alkoholi maleją w szeregu: 
n-butanol >> n-pentanol > n-heksanol >> n-oktanol >> n-nonanol, co jest 
zgodne z szeregiem malejących stałych dielektrycznych tych alkoholi 
i malejącą ich wzajemną mieszalnością z wodą. Stwierdzono również 
wpływ budowy cząsteczkowej alkoholu (rozgałęzienia łańcucha węglo- 
wego i obecności pierścienia aromatycznego) na wartości К; metali w þa- 
danych układach. 

Wysunięto sugestie odnośnie mechanizmu podziałowego metali w ukła- 
dzie rozpuszczalnik oksoniowy (alkohol) — wodny roztwór NH,SCN. 


PESIOME 


Исследовалось влияние концентрации лиганда и молекулярной 
структуры спирта Ha хроматографическое поведение роданидных 
комплексов 35 металлов. 

Установлено, что коэффициенты Rp и экстракционная способность 
спиртов уменьшаются в следующем порядке: п-бутанол > п-пента- 
нол > п-гексанол >> п-октанол >> п-нонанол, что соответствует умень- 
шающемуся ряду диэлектрических констант и взаимной раство- 
римости с водой. Наблюдалось влияние молекулярной структуры 
спирта (разветвление углеводородной цепи, присутствие ароматичес- 
кого кольца) на величины Rp металлов в исследованных системах. 

Авторы выдвигают несколько гипотез о механизме распределе- 
ния ионов металлов в системах типа оксониевый растворитель (спирт) 
— водный раствор NH,SCN. 
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